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ABSTRACT

The problem of low corrosion resistance of the rare-earth metal oxides with a large neutron absorption
cross-section is achieved by preparing of the compositions in their compound’s form, such as titanates and
hafnates. Dysprosium hafnate based absorbers are currently considered to be the most promising materials for
usage in control rods of nuclear power reactors. One of the most important requirements for the absorber
elements performance is a high corrosion resistance of used absorber materials.

The aim of this work is to study the corrosion resistance of dysprosium hafnate (in pellets and powder
form) during the long-term autoclave tests in water composition of the primary circuit of the WWER-1000 reactor.

Investigation of the dysprosium hafnate interaction with a water coolant was performed using the pellets
and powder form. Pellets were prepared from the initial oxides powder Dy,0;—36.1%wt HfO, using the next
scheme: pellets forming, preliminary sintering, grinding the pellets into a powder and final sintering. Sintering
operations were performed in a high temperature furnace VP 04/17 in air atmosphere. For investigations three
pellet series were prepared, which were differed each other on sintering mode, phase composition and density.

Corrosion tests of dysprosium hafnate pellets (and powder, made from these pellets) were carried out in the
conventional autoclave and as a part of the absorber elements faulty mock-ups. Phase composition of the samples was
studied by X-ray diffraction (diffractometer DRON-2.0) and by infrared spectroscopy (IR-spectrophotometer UR-20
Zeiss). Crystal-optical investigations were carried out on POLAM-L211 and MIN-8 microscopes.

It is shown that the series 1 samples are fully consists of dysprosium hafnate Dy,Hf,0;-f (fluorite type
structure, lattice parameter a = 5.257 +2:107 A). Series 2 and 3 samples are multiphase. The main phase is
Dy,Hf,04-f (its content is 93...95% wt). Besides, the next phases were revealed: dysprosium oxide Dy,O;
(3.5...4.3% wt) and cubic hafnium oxide HfO, (1.8...2.1% wt). It should be noted, that weak absorption bands of
molecular water were revealed in samples of all series.

Tests of dysprosium hafnate pellets in WWER-1000 reactor coolant medium at 350°C and a pressure of
16.5 MPa showed that, practically, there were no weight change of high-density samples (porosity is <5%)
during 7200 h. The corrosion process of series 2 and 3 samples (which had small amounts of Dy,0; and HfO,
and porosity 6.5...7.5% and 14...16%, respectively) can be divided into two stages: initial and established. At the
initial stage (test duration up to ~1300 h) the corrosion process is more intense than at the established stage.
Average corrosion rates of these two series samples at the initial stage are equal to 18.5 mg/m*h and
36.2 mg/m>h, respectively. At the established stage these values decrease to 11.3 mg/m*h and 8.3 mg/m?h. This
corrosion behavior can be explained by the fact that at the initial stage intensive process of filling the open pores
by coolant takes place. Coolant interacts with the pellet’s material forming, probably, dysprosium and hafnium
hydroxides and dysprosium borate. Overweight of samples as a result of hydration process confirmed by the IR
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spectroscopy studies. Bands of stretching and deformation vibrations of hydroxyl group OH (3530 and
1610 cm™) were fixed in the samples after the corrosion test.

As the result of autoclave tests of faulty mock-ups during 5200 h dysprosium hafnate powder sintered in
a rod which diameter equal to the inner diameter of the shells. Weight cores increased by ~3% compared to the
original dysprosium hafnate powder. The strength of samples, made of these rods, during the diametric
compression test was 14...40 MPa (similar values for pellets were 38...71 MPa). The density of rods’ material
equal to (5,40+0,05)x10° Kg/m®. Material has a porous structure. According to the XRD analysis there is no
Dy,0; phase in the sintered rod (but it was found in the initial powder). As a result of its interaction with the
coolant the dysprosium borate DyBO; forms. IR-spectrum of the samples shows an intense dysprosium hafnate
band — 460 cm™, a weak hafnium oxide band at 520 cm™, characteristic bands, which indicate the presence of
iron oxides impurities: 595 and 930 cm™, which, probably, were present in the coolant, and a slight amount of
adsorbed molecular water.

KEY WORDS: dysprosium hafnate, corrosion resistance, phase analysis, WWER-1000 reactor, pellets,
powder.

BBEJIEHME

Hanexuocts paboTel nornomarommx dnemeHToB (I19J1) moriomarommx crep)Held CHCTEMBI
yrnpasnenus 1 3amuThl (IIC CY3) Bomo-BoasHBIX peakTopoB Tuna BBOP onpenenstorcs, B mepByro
odepellb, YCTOWYMBOCTBIO K BO3JICHCTBUIO TETUIOHOCHTENSI U HEUTPOHHOTO oOiyueHus. B pesynbrarte
B3aMMOJICHCTBHS C TEIUIOHOCUTEIIEM MOXKET TIPOUCXOIUTH U3MEHEHHE Macchl, 00bema, (GopMbl Morio-
MIAIONIMX MaTeprasioB, HX (parmeHTanus. Kak mpaBuiio, KOMIUIEKCHOE BIUSHHE TEMIIEPATyphl U MO-
TOKa HEWTPOHOB CYIIECTBEHHO CHI)KAIOT KOPPO3HMOHHYIO CTOMKOCTH MOTJIOIMIAIONIMX MaTepuasoB.
CHIKeHHEe KOPPO3UOHHOW CTOHKOCTH OOYCIIOBIEHO M3MEHEHHEM XHMUYECKOTO COCTaBa TMOTIOMIAIOIIIX
MaTeprualioB, 0COOCHHO Ha MX TIOBEPXHOCTH, KOTOpasi HEMOCPEICTBEHHO KOHTAKTUPYET B ciIydae pasrep-
meru3zarmu [19J1 ¢ TeronocuTesneM, n3-3a HaKOIJIEHUS TPAHCMYTaHTOB — IMPOIYKTOB SIEPHBIX PEAKIIUHA.

[IpocTeie okcuapl peako3eMenbHBIX 31eMeHToB (Ln,O;), KOTOpble MMEIOT 3HAYUTENbHBIC
CEUYCHHUs TIOTJIONICHUSI HEHTPOHOB, B CBOEM OOJNBIIMHCTBE SIBJSIFOTCS HE KOPPO3UOHHOCTOMKHUMH HE
TOJIBKO B BOJHBIX TEIJIOHOCHTENSAX BBICOKUX mMapamerpoB (t = 280...300°C, P =13...18 MIla), vHo u
JOCTATOYHO AKTHBHO B3aWMOJEHCTBYIOT C BOASHBIM IapoM, KOTOPBIM HAXOAWUTCS B BO3AYyXe MpH
KOMHATHOH TeMmIiiepatype. Pe3ynbTaToM Takoro B3auMOICHCTBHUS SBIISETCS 00pa30BaHKUE M'MAPOKCH OB
(Ln(OH);), koTopoe comnpoBokaacTcst O0MbIMMI 00beMHBIMU U3MeHeHusIMU (710 20...30%), pa3pbix-
JICHWEM U pa3pyllieHrneM KOMIaKTHBIX u3aenuii [1-3].

Hanpumep, onmun w3 Haumbonee d(h(HEKTUBHBIX IOTJIOTUTENEH HEHTPOHOB OKCHJ EBPOIHS
(Eu,0;) B xunsmelt Boge u nape npu temmneparype 350°C mpeBpamaercad B KpUCTAJUTMUECKHI TpH-
ruapoxeua Eu(OH); co crpykrypoit Tunma UC1; 1 peHTIeHOBCKOM MIIOTHOCTBIO 5,37x10° Kr/M® MeHb-
et moutn Ha 30% ot miotHoctd EuyOs [1]. BenmenctBue yBenuueHuss oObeMa MpH 00pa3oBaHUU
Eu(OH); mpoucxoaut aerpaganus u paspyiienue uzaenuii u3 Eu,Os. Pe3ynpTaTsl KOppO3HOHHBIX HC-
nbeiTanui Tabnerok u3 Eu,O; B Boae npu narnenuun 0,1 MIla u temneparype 100°C mokasainu, 4To
yKe mocie 72 9 nmpoucxoauT ux npesparienue B Eu(OH); [3].

AHaNOrHYHBIM 00pa30M M OKCHJI JUCIIPO3UsSl IPU B3aUMOACHCTBHH C BOJOH 00pa3yeT OKCH-
ruapokcus DyO(OH) u rugpokcun DyO(OH);. Peakumsi ruppaTaiiii IPOUCXOIUT B JBE CTaIHU:
Dy,05;+H,0=>2DyO(OH), DyO(OH)+H,0=>DyO(OH);. ABTOKIaBHBIC HCIBITAHHUS TAOJIETOK W3
Dy,0; npu gasnenuu 0,1 MIla mmtensHocThio 100 u kak mpu temnepatype 340°C, Tak u ipu 100°C
MIPUBOAT K UX MMOJHOMY pa3pymieHuro [2].

[Ipobnema HU3KOM KOPPO3UOHHOH CTOHKOCTH OKCHJIOB PEIKO3EMENbHBIX 3JIEMEHTOB pellacT-
Csl yTeM TIOYYEHHS] KOMITO3UIIMI B BHJE COSANHEHUHN, HATIPUMED, TAKMX KaK TUTAHATHI U ra(HAaTHL
[Mornmomaromye MaTepralibl HA OCHOBE radHaTa AUCIPO3HS HA CETOAHANIHAN JeHb CYUTAIOTCS Hanbo-
Jiee TepCIeKTUBHBIMU ISl MCIIONB30BAHNUS B OpraHaX PErylHpOBaHUS SHEPTeTUYECKUX SIAEPHBIX pe-
akTopoB [4-7]. Hanuuue B ero cocrase AByX morjoiiaromux 3neMenToB Dy u Hf yBenuuuBaer dusu-
4eckyro 2((HEKTHBHOCTD MO CPAaBHEHHIO C THUTAHATOM JMCIIPO3US, KOTOPBIA MUCIOIB3YETCsl B HACTOS-
mee Bpems B [19J1 B Buae nopoika. B cucreme Dy,O;—HfO, B mmpokoii 00y1acTH KOHIICHTpAIHii
ynaercss QUKCUPOBaTh KyOMUECKHI TBEP/ABIH PacTBOP CTPYKTYPHI TUMA (HIroopuTa, 00JIaatoNHi mo-
BBIIIICHHON paJMallMOHHOM CTOMKOCTBIO U XOPOIIIeH KOPPO3NOHHOU CTOHKOCTBIO [4, 8].
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Cneﬂyer OTMECTUTD, YTO PE3YyJIbTAaThbl IO PCAKTOPHBLIM HCIIBITAHUAM W IMOCJICPCAKTOPHBIM HC-
ClIeIOBaHMSIM 00pa3IoB M3 radHaTa TUCIPO3UsS B JOCTATOYHOH CTEIMEHU OCBEUICHBI B JIMTEpPATypE.
JlaHHbBIE M0 KOPPO3HMOHHON CTOMKOCTH M M3YyYCHHIO KHHETHKH KOPPO3WOHHBIX MPOILIECCOB Ha 00pa3-
1ax u3 ragHaTa AUCIPO3Us BCTPEUAIOTCS CPABHUTEIBHO PEIKO.

Lenbio nanHOM paOOTHI SBISIETCS MCCIIEIOBAHNE KOPPOIMOHHOM CTOMKOCTH radHATa AUCTIPO-
33U B BUJIC TaGHe’TOK 1 IMOopouIiKa npyu MIUTCIBHBIX aBTOKJIABHBIX HMCIIBITAHUAX B BOAC COCTaBa IIEPBO-
ro KoHTypa peakropa BBOP-1000.

MATEPHAJIBI U METOJIUKH UCCJIEJJOBAHUI

HccnenoBanne ocoOCHHOCTEH B3aUMOJICHCTBHS ¢ BOJHBIM TEINIOHOCUTEIEM radHaTa TUCIpPO-
3Ws MPOBOJIMIIN, UCTIONB3YS ero B (hopMme Tabnerok u nmopomika. st u3roroBieHus TabIeToK MprMe-
HSUTH HamOollee MPOCTON M JICHIEBBIH METOA — TBepaoda3HbIil CHHTE3 U3 CMECH METKOIUCIIEPCHBIX
nopomkoB Dy,0; u HfO,, ocBoeHHBII B MPOU3BOJNCTBE, KOTOPBIH BKIIOYaN (OpMOBaHHE TaOJIETOK,
MPEeIBAPUTEIBHOE CIICKaHWE, U3MENIbUeHHE TaOJIeTOK B MOPOIIOK W (puHMIIHOE cnekanue [9, 10]. B
KauecTBe HCXOAHOT0 MaTepHuajia HCIIONb30BaM CMECh MOPOIIKOB OKCHUAOB cocraBa: Dy,0; —
36,1%macc. HfO,. Onepanuu criekaHus MPOBOAMIIN B BRICOKOTEMITepaTypHoii ieun tuna VP 04/17 Ha
atMocdepe Bozmyxa. s uccaenoBanuil ObITM MPUTOTOBJICHBI TPU CEPUM TAOIETOK, KOTOPHIE OTIIH-
Yauch PeKUMaMH CIICKaHHS, TDIOTHOCTHIO M (Pa30BBIM COCTaBOM (Talu. 1).

Ta6anua 1. Oco0eHHOCTH U3rOTOBJIEHHUS U XaPaKTePUCTUKH TadjIeToK rajyHaTa QUCIPO3Ust

Table 1. Manufacturing features and characteristics of dysprosium hafnate pellets
Howmep Temneparypa npez- PexxuM (GPUHHITHOTO CrIEKaHUS HHOTHOCTGB cre- OO0mas mo-
o BAPHTEITBHOTO Crie- YEHHBIX Ta0JIETOK, pHCTOCTH, %
kanus, °C temneparypa, °C | Bpems, h x10° kg/m’ '
1 1450 1650 3 8,20...8,30 3,7...4,9
2 1550 3 7,97...8,05 6,5...7,5
3 0 1650 3 7,24...7,39 14,0...16,0

[Moporrok mony4any myTeM H3MedbueHHs TaOJNETOK CEPHH 3, TPUTOTOBICHHBIX C MCIOIb30-
BaHHEM CXEMBI C OJJHOPA30BbIM CIIEKaHHUEM.

Koppo3uonnsie uctipITaHus BHINOIHAIA B aBTOKJIaBaX, M3TOTOBJICHHBIX U3 HEPXKaBeIoIIel aycre-
uutHOM cranu Mapku X18H10T, mo crangaptaoli meromuike. VcnbiTanus TabiaeToK radHaTa JUCTIPO3US
(Dy,0;-HfO,) npoBomuimm Kak B OTKPBITOM BHJE, TaK W B cocTaBe JedekTHbx mMakeroB [13J1, koTopbie
BKJIFOYasi 000510uky U3 ctamu 06X18H10T muamerpom 8,2x0,6 MM, mmHOH S0 MM, 3arepMeTH3UPOBaH-
HYIO KOHIIEBBIMU JETAISIMH (KOHYCOM M HAKOHEYHUKOM), n3rorosieHHbMH 13 ctamu 08X18H10T. Bayr-
pH 000NIOYKHM pa3MeIleHbl TAOIEeTKU WM OPOIIOK TadHAaTa AUCIIPO3Us, 3aUKCUPOBAHHBIC OT ITepeMelie-
HUSI CO CTOPOHBI HAKOHEYHUKA (BEpXHEH KOHIIEBOH JIeTalli) MPOOKOH 13 HUKEIIEBOH CETKH.

Mexny npoOKoil M HAKOHEYHHKOM TIPEIyCMOTPEH 3a30p, HMUTHPYIOIIMH ra3ocOopHHK. B
000JI04Kax MaKETOB BBITIONHEHBI CKBO3HBIC e ekThl 1,0 MM. B monoBrHe MakeToB OTBEPCTHE BbI-
MOJTHEHO TPOTHUB LMJIWHAPHUYECKOM YacTH IOCaJ0YHOTO0 MecTa KOHyca (HMOKHSS 3ariyllika), TaKuM
00pa3oM, 4yTOOBI TEIJIOHOCUTENb K Ta0JIETKaM IPOHMKAN Yepe3 3a30p MEKIY 000J0YKOM M mocamnoy-
HBIM MECTOM KOHYCa, a B IPYTOi MMOJIOBUHE MAKETOB OTBEPCTHE BBIITOJIHEHO B palioHE ra30cO0pHUKA.

B nporiecce ucnbiTanuii TadiieTku U aedekrHpie MakeTsl [19J] BhIepKUBaIKCh B BOJIE COCTa-
Ba, OJIM3KOTO K COCTABY TEIJIOHOCUTENS TIEpBOro KOHTypa peakropa BBOP-1000 (buancTriumpoBan-
Has Boa ¢ nobaBkamu: H;BO; — 3 r/nv’; NH; — 3 mr/am’; KOH — 12,3 mr/am’, pH = 7,2) ipu Temre-
patype 350°C u maBnmenuu 16,5 Mlla. [InuTensHOCTh MCHBITAHUM cocTaBiswia aasi makeToB [19J1
5200 u, a g Tabnerok raduara aucrposzus 7200 4. TabneTKu MepUOIUIESCKH TOCIE U3BJICUCHHS U3
aBTOKJIaBOB TpocymuBaiu mpu 150°C B TeueHue 5 9 A5 yIajaeHus BIard, MOCe Yero uX B3BEIINBaIN
¢ Tounoctsio 0,05 mr. [IpuBecsl 0Opa3IoOB MOCIE ONPEACICHHOTO0 BPEMEHHU BBIIEPKKH B aBTOKIIABE
OTPEIEISUT TPABUMETPUIECKUM crtoco0oM. OTHOCHTENbHAS TIOTPEIIHOCTh M3MEPEHNUI COCTABIIsIA HE
Oonee 5%. MexaHnnueckre HCIbITaHus TabJIeToK BhimonHsun B cootBercTBum ¢ [OCT 25.503-80 Ha
paspeiBHOM MammHe P-10 npu koMHaTHO# Temneparype. ®a30BbIil cocTaB 00pa3oB ONpPEAEISIN Me-
TOJIOM PEHTTreHOBCKOW mudpakiuu Ha ycranoBke JJPOH-2.0 B xobambToBoM Co-Ko m3mydenun c
npUMeHeHHeM Fe CelleKTHBHO MOorIoIaiero Gpuibrpa, a Tak:ke METoJJoM HH(paKpacHOH CHEeKTpo-
ckormmu Ha UK-crektpodortomerpe UR-20 (Leiic). Perucrpamnuio crekTpoB OCYIIECTBISUIA B CIEK-
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TpansHOM juamnasone 4000...400 cm™'. KpHCTamIoONTHYECKHE NCCIEIOBAHNS TPOBOIMIA HA MHKPO-
ckonax [TOJIAM-JI211 u MUH-8.

PE3YJbTATHI UCCJIEJIOBAHUMN U NX OBCYKJIEHUE

Pe3ynbTaThl peHTT€HOCTPYKTYPHOI'O aHaIN3a MaTepuaia TabJIeTOK M ONpEeAeIeHHs napaMer-
POB penieTky ¢a3, BEIMOTHEHHBIC 10 METOy PUTBENbIa, IPECTaBIeHBI Ha pHC. 1.

¥ v V — Dy,Hf0; v
¢ —Dy,04 Puc. 1. Tudpaxrorpammsl MaTepuaa
I 5 g;‘;zo‘: vy HCCIIeyeMbIX 00pasIos: / — TabIeTKu
) . Ad s cepuu 1 (UCX0z. €OCT.);
L 0 2 — tabyeTku cepud 2 (MCXOJ. COCT.);
3 — tabyeTku cepuu 3 (MCXO. COCT.);
X x A x A

4 — crieKmuics MOPOIIOK B pe3yabTaTe
KOPPO3HOHHBIX UCTIBITAHUI.

Fig. 1. The powder XRD patterns of in-
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] (initial state); 2 — series 2 pellets (initial
state); 3 — series 3 pellets (initial state);
i et 8 4 — powder sintered after the corrosion
L . i . i . . . tests.
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[ony4eHHble pe3ynbTaThl CBUACTENBCTBYIOT O TOM, YTO MaTepuas oOpas3ioB cepuu | sBiser-
cs omHoasHbIM W mpencrapiser ragpHat gucnposus Dy,Hf,O;-f (ctpykTypHbiii THI (aroopuTa) C
napamMeTpoM pemerku a = 5,257 +2:10° A. B marepuaine 06pasio cepuii 2 u 3 (ta6n. 1) ocHOBHOI
¢azoit sensercs Dy,Hf,O;-f. Ero conepkanue cocrasisier 93...95% macc. Kpome Toro, B MaTepuase
00pa3loB  BhIABJICHBI OKkcua aucnposus Dy,O; (3,5...4,3% wmacc.,, mnapaMerp peIIeTKH
a=10,606+310" A) u xyb6uuecknii okcun rapuus HfO, (1,8...2,1% macc., mapaMerp pemeTku
a=>5,189 £3-10° A). IIpuuem, B 3THX 06pa3iax mapaMeTpbl PEMIETKH Tpex (a3 OTIHYAOTCSA OT COOT-
BETCTBYIOINX JINTEPATYPHBIX 3HAYCHUH, YTO CBA3aHO C B3aUMO3aMEIICHUEM aTOMOB JIUCIIPO3US M
raHUs B y3JIaX KPUCTAIUTMYECKUX PEIIETOK JaHHBIX (a3. Pe3ymbraThl HcclieoBaHUi ¢ UCIIONB30Ba-
HueM MK-cniekTpockonuu moATBEpKIA0T Halu4re B oOpasiax cepuit 2 u 3 QIOOpUTOBON CTPYKTY-
pHl TadHATa AUCTPO3HS, UCXOAHBIX OKCHIOB TadHHS U JUCITPO3US H MOJICKYJISIPHOH BOJIBI.

B pesynbrare aBTOKIaBHBIX HCIBITAHUN TabJIeTOK radyHATa AUCIPO3HS YCTAHOBIICHBI 3aBUCH-
MOCTH CKOPOCTH KOPPO3WH OT BEITMYMHBI 00IIEi TTOPUCTOCTH H, COOTBETCTBEHHO, OT ()a30BOT0 COCTa-
Ba. Bec 00pa3noB cepun 1, 001ast TOPUCTOCTh KOTOPBIX HE MPEBbIAET 5%, MPaKTHYECKH HE MEHSIET-
csl B MpoLlecce MCIIBITAHMIH (MAKCHMMANIbHOE YMEHbIICHHE MpuBeca coctapiser <0,08 mr/aM” 3a mep-
BbIe 3500 u ucnbiTanuit) (puc. 2).

Puc. 2. 3aBucumocts npusecos (AP)

o, 1600 6

_g *—por. 14...16% TabNeTOK radHaTa AUCTIPO3HUSI OT Bpe-
R ® — por. 6,5...7.5 % MeHH (T) KOPPO3UOHHBIX MCIBITAHHIA B
g 1200 A — por.3,7..4.9 %

BOIHOM TCIJIOHOCHUTEJIC IIpU TEMIICpA-

% i type 350°C u naBnenuu 16,5 MIla,
HMEIOIIUX Pa3HyI0 OPHUCTOCTh:
800 ~ 2 1-3,7...49%;2-6,5...7,5%;
600 - 3-14...16%.

Fig. 2. Dependence of dysprosium haf-
nate overweight (AP) on time of corro-
: 5 : 3 5 sion tests in water coolant at 350°C and
R I TN R 16.5 MPa, which have different
pressure a, which have differe
0 1000 2000 3000 4000 5000 6000 7000 8000 .
-200 - th porosity: 1 —3,7...4,9%; 2 —-6,5...7,5%;
? 3-14...16%.

200 A

1

A

BeposiTHO, 3TO 00yCI0BIIEHO OTCYTCTBHEM OTKPBITOM MOPUCTOCTH, KOTOPAast COTJIACHO JTAHHBIM
pa6otsl [11], mpu maoTHOCTH TabiaeTok >96% Teopernyeckoii, He mpeBbimaer 0,5%. [Iporece Koppo-
3uM 00pas3IoB cepuii 2 U 3, IOPUCTOCTh KOTOPBIX PaBHSAETCS COOTBETCTBEHHO 6,5...7,5% u 14...16% u
B COCTaBe€ KOTOPBIX MPHUCYTCTBYIOT B HE3HAUUTEIbHOM KonmudectBe Dy,0; u HfO,, MoxkHO yciioBHO
pasacinTh Ha ABC CTAAN: HAYAJIbHYIO 1 YCTAHOBUBIIYIOCS. Ha naganpHOM CTaauu Ipyu JJIUTEIbHOCTH
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ucneiTanuit 10 ~1300 9 mporiecc KOPPO3UU MPOUCXOIUT O0Jiee MHTEHCHBHO, Y€M Ha yCTAaHOBHBIIICH-
csi. CpemHuEe CKOPOCTH KOPPO3WU 00pas3I[oB 3THX IBYX CEpUH Ha Ha4yallbHOW CTalMM COCTABJISIOT
18,5 Mr/mM>4 u 36,2 Mr/M>-4, a Ha YCTAHOBHUBLIEICS YMEHIAIOTHCS 10 8,3 Mr/m>4 u 11,3 Mr/m>u. Ta-
Kyl0 0COOEHHOCTh KOPPO3UH MOKHO OOBSICHHUTH TE€M, YTO Ha HAYaJIbHOW CTaJIMd MHTEHCHBHO HJET
MIPOIIECC 3aTOTHEHUS OTKPBITHIX MOP TEIUIOHOCUTENIEM M €r0 B3aUMOJICHCTBHE ¢ MaTepHaIoM Tabie-
TOK ¢ 00pa3oBaHUEM THAPOKCHIOB radyHaTa AMCHpo3us. M3MeHeHne IPUBECOB 00Pa3IioB B PE3YJIbTATE
mpoliecca TUAPATAIKA TTOATBEPXKICHO pe3yidbTaTaMu HccienoBanuii Meronom HMK-crekrpockonuu,
P MTOMOIIK KOTOPOTo 3a(pMKCHUPOBAHBI TIOJIOCH BAJICHTHBIX W Je(OPMAI[MOHHBIX KOICOaHUI THIpO-
kerbHbIX Tpyrm OH: 3530 1 1610 cM™' B 06pasiiax mocie KOppo3HOHHBIX HCTbITaHmi (puc. 3, rpaduk 7).
Puc. 3. UK-cniekTpsl noruio-

1 1ieHus: 00pa3oB radHarta
Juctiposus: [ — marepuan

T, %
80 |
| 940

1610 1410 1080 610 TabJIeTOK cepuu 1;
60 [ 470
\r—\z—/*r”j/ 2 — MaTepuan CTepKH4,
3040 o
a0 | 3530 2% CIICKIIIErOCS M3 TTOPOIIIKa

2 OCJIE KOPPO3HOHHBIX HCIIBI-
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[ony4eHHble pe3ynbTaThl COTNACYIOTCS C JAHHBIMHU paboThl [3], Tlie OATBEPKAACTCS 3aBH-
CUMOCTBb CKOPOCTH KOppo3uH Tpu Temrmeparype TerioHocutens 350°C OT COOTHONMICHUSI OKCHIOB
ra(HUs ¥ TUCTIPO3Us B TaHATE TUCTIPO3US U OT IFIOTHOCTH TabieToK. ABTOPHI paboThl (PUKCHPOBAIU
KaK yBeIHYCHHE, TAaK U YMEHBIICHUE Beca 00pa3lioB B 3aBUCHMOCTH OT COCTaBa M IUIOTHOCTH B TIPO-
necce ucnbltanuid. CorfacHoO MPHUBEACHHBIM JIAHHBIM 3HAYEHHUSI CKOPOCTH KOPPO3UK 00pa3IoB HAaXO-
JSITCSL B MHTEpBaie 3HaveHui 3,1...9,0 Mr/m4.

Pesynbrarel ucnbiTanuii nedekTHbix MakeroB [12J1 ¢ tabnerkamu radHaTta AHCIPO3US TIPU
temnepatype 350°C, napienuu 16,5 MIla paurensHocThiO 5200 4 CBUACTENBCTBYIOT 00 MX BBICOKOM
pabotocniocobHoctr. ['eomerpuueckue pasmepsl I113J1 B mpenenax ommOKA U3MEPEHHUI HE MEHSIOTCS.
Ha nmoBepxHOCTH MakeTOB 00pa30BBIBACTCS TOHKASI OKCHJIHAS TUICHKA XapaKTEPHOTO JUIS TAHHBIX Ma-
TEpUAJIOB I[BETA: CBETIIO-KOPUYHEBAsE Ha 00OJIOUKE U CBETIIO-Cepasi Ha TIOBEPXHOCTH KOHIIEBBIX JleTa-
nell M cBapHBIX coequHeHuil. Tabnerku radHaTta TUCTIpO3ust mocie u3BiedeHus u3 MakeroB [13J1 co-
XPAHSIOT IIEIOCTHOCTE U TIEPBOHAYATBLHYIO TEOMETPUUCCKYIO ¢>op¥y (puc. 4 a).

= . ] ®
Puc. 4. BHenHui BUI OTJIONIAOIIKMX MATEPHAIIOB MTOCTIC UCIIBITAHUMN B cocTaBe AeeKTHBIX MakeToB [12J1

npu Temreparype 350°C, napnenuu 16,5 MIla gmurensrocThio 5200 4: @ — TabneTku radHATA TUCTIPO3HUS;
b — crepyxHM TadHATA AUCIPO3US, CICKIITHECS U3 TIOPOIIKA; ¢ — MUKPOCTPYKTYpa MaTepuaja CTepPIKHS.

Fig. 4. Appearance of the absorbing material after the test as part of the absorber elements faulty mock-ups
at 350°C and a pressure of 16,5 MPa duration of 5200 h: a — dysprosium hafnate pellets;
b — dysprosium hafnate rods, sintered from powder; ¢ — the microstructure of the rod’s material.

[pakTiueckn Ha Beex TabieTkax oOHApYKEHO HE3HAUUTENBHOE YMEHBIICHUE Beca M0 CpaBHe-
HHIO C MCXOIHBIM COCTOSIHHEM, UTO B IIepecuere Ha CKOPOCTh KOpPo3uH cocTasisier 1,6...7,0 Mr/v’-u.
3aMerHOro M3MeHeHus: Pa3oBOro cocrapa Marepuaia TabIETOK MOCNe KOPPO3UOHHBIX HCIBITAHUM, 110
CpaBHCHUIO C UCXOOHBIM COCTOSHUEM, METOJOM PCHTTCHOCTPYKTYPHOI'O aHaJIM3a HE BBIABJIICHO.
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[Mopomrok radHaTa TUCTIpO3Us B pe3yNibTaTe aBTOKJIABHBIX MCIIBITAHUHN CIIEKAETCs B CTEPKEHb
(puc. 4 b). Ero nuamerp pasusiercst 7,01...7,03 MM, TO ecTh BHYTpeHHEMY IHaMeTpy obosouek. Bec
CCPACYHHUKOB 10 CPAaBHCHHUIO C NCXOAHBIM ITOPOIIKOM Fa(bHaTa JUCTIPO3UA YBCINYHUBACTCA B CPEIHEM
Ha ~3%. OTxur B BakyyMHOM mKady mpu Temmnepatype 150°C aauTenbHOCTBIO IBA Yaca HE TPUBO-
JUT K U3MCHCHHIO BECa CTep)KHeﬁ, 4YTO CBUACTCILCTBYET 06 OTCYTCTBUHU BJlIard B HECBA3aHHOM BHUIIC.
CTep>KHU SIBIISIIOTCSI OTHOCUTENBHO MPOYHBIMU. [IpodHOCTh 00pa3iioB, U3rOTOBIEHHBIX U3 CTEpIKHEH,
Ha JuaMeTpaibHOoe ckatue paBHsercs 14...40 MIla (aHanornyHble 3HaUYEHHS CIIEUCHHBIX TaOJIETOK
cocrapisor 38...71 MIIa). IInotHOCTs MaTepuana cTepikHeil paBHsercs (5,40£0,05) x10° kr/m’. Ma-
TepHua UMeeT MOPUCTYIO CTPYKTYpY (puc. 4 ¢).

CoriacHO TaHHBIM PEHTTEHOCTPYKTYPHOTO aHallM3a B MaTepHalie CIEKIIErocss CTEPXHs OT-
cyrctByeT Dy,03, 00HapyKeHHBIH B HCXOJHOM IMOpOIIKe. B pe3ynprare ero B3auMOACHCTBUN C TEll-
JOHOCHUTENeM HalmoaeTcs oopazoBanue 6opara muctposust DyBO; (puc. 1, rpaduk 4). B UK cnek-
Tpe maHHoro odpasia (puc. 3, rpaduk 2) IPUCYTCTBYET MHTEHCHBHAS 1ojioca radHaTa JUCTIPO3Ms —
460 cm™', caGas momoca B o6mactu 520 M, COOTBETCTBYIOIIAs OKCHIY FadHMS, a TAKXKe Pl MOI0C
CpenHeil MHTEHCHBHOCTH, XapaKTepHbBIX IS KolleOaHuil B CTPYKType coemuHeHuit xxenesa: 880, 1090,
1400 1 2920 cm™'. Takoke 06pasIbl CONEPKAT HEIHAUMTENHHOE KOMMUECTBO a7cOPOMPOBAHHOM MOJIe-
KYJISIPHOW BOJIBI, B CBSI3M C YeM B CIIEKTPE MPOSIBIISIOTCS cladble Pa3MBITHIE MOJIOCHI B OOJIACTH Ba-
JNIGHTHBIX U JeopMaIoHHbIX KoneGanuii: O-H: 3400 u 1610 cm™ (puc. 3, rpadux 2).

BbIBO/IbI

[Mony4eHsl 3aBHCHMOCTH MPUBECOB TabJETOK radHaTa AUCIPO3US OT BPEMEHU MPH HCIBITA-
HUSIX B BOZAE cocTaBa TeruioHocutens: peakropa BBOP-1000 mpu temmeparype 350°C u naBieHUH
16,5 MIla. [loka3aHo, 4TO BBICOKOIUIOTHBIE 0Opa3Il(bl, MOPUCTOCTh KOTOPBIX <5%, MPAKTUYECKH HE
M3MEHSIIOT CBOH BeC TPH KOPPO3MOHHBIX UCTbITaHUsX B TeueHue 7200 4. CkopocTu Koppo3uu Tabie-
TOK, UMEIOIINX OOIIYI0 MOPUCTOCTh 6,5...7,5% u 14...16%, Ha yCTAaHOBMBILICHCS CTaIUU COCTABJISIOT
8,3 Mr/m>u u 11,3 Mr/m>4. PaccMOTpeH BEPOATHBINH MEXaHHU3M KOPPO3HH TabIeToK radHaTa JUCIIPO-
3UsI IPY aBTOKJIABHBIX HCIBITAHUAX B BOJHOM TEIIOHOCUTENE. Y CTAaHOBJIEHO, YTO IOCIE aBTOKJIAaB-
HBIX UCIBITAHWH MOpOIIKa TadHaTa JUCIPO3Us, COJEPIKAIICTO HEepopearnpoBasiune okcuasl Dy,0;
u HfO,, B coctaBe nedpekxtupix makeros [12J1 mpu 350°C B Teuenne 5200 4 oH criekaeTcs B CTEPIKHU
10THOCTBIO (5,4040,05) x10° KI/M’, IPOYHOCTH KOTOPBIX IPU HCIBITAHMSX HA TMAMETPAIEHOE CHKATHE
paBusiercst 14...40 MITa. [ToarBepskaeHa BbICOKasl )KUBYUECTh e ekTHbIX MakeToB [19J] ¢ Tabnerka-
MU ¥ ITOPOIIKOM TaHATa JUCIIPO3US] KOPPO3IMOHHBIME UCTIBITAHUSMHE TIpH Temriepatype 350°C B Box-
HOM TeIIOHOCUTENe cocTaBa peakropa BBOP-1000.
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